Abstract. Migration and invasion inhibitor protein (MIIP) was initially identified in a yeast two-hybrid screen. Recently, MIIP has emerged as a key protein in regulating cell migration and invasion. However, the MIIP expression profile in non-small-cell lung cancer (NSCLC) has not been analyzed. In the present study, MIIP mRNA expression levels were evaluated using the SYBR Green quantitative real-time polymerase chain reaction method in 37 NSCLC specimens and matched normal tissue samples. MIIP protein expression in a further 94 NSCLC specimens was examined with immunohistochemistry. Patient survival data were collected retrospectively, and the association between MIIP protein expression and the five-year overall survival rate was evaluated. The results revealed that MIIP mRNA and protein expression were downregulated in cancer tissues, as compared with the matched normal tissues. MIIP expression levels were significantly associated with pathology and tumor stage, with reduced MIIP mRNA expression levels detected in advanced tumor stage samples. Furthermore, patients with MIIP-positive protein expression had an improved prognosis as compared with those patients with MIIP-negative protein expression, with five-year survival rates of 41.7 and 22.4%, respectively (Kaplan-Meier, log-rank, P= 0.028). A significant association between MIIP protein expression and improved prognosis was also demonstrated using univariate and multivariate analyses (P= 0.033 and P= 0.040, respectively). These results suggest that MIIP may have a potential role in the pathogenesis of NSCLC and also confirm that MIIP is a putative tumor-suppressor gene. Therefore, MIIP may be identified as a functional genetic marker of NSCLC development and prognosis, and may be an attractive therapeutic target for the treatment of lung cancer.
Introduction
Lung cancer remains the leading cause of cancer-related mortality worldwide, and is particularly prevalent in males (1) . In China, the prevalence of lung cancer has grown rapidly over the past five years (2) . The main types of lung caner are small-cell lung carcinoma (SCLC) and non-small-cell lung carcinoma (NSCLC). Among all lung cancer cases, almost 85% are NSCLC (3), which is further categorized into two predominant types: Non-squamous carcinoma (including adenocarcinoma, large-cell carcinoma and other cell types) and squamous cell carcinoma. Despite recent advances in the diagnosis and treatment of lung cancer, the improvement in survival rate has only been modest, with an overall five-year survival rate of <15% (4) . Cancer cell invasion, identified in 30-40% of NSCLC patients with poor prognosis, is a critical determinant of survival. Therefore, elucidating the potential biological markers of metastasis is urgently required for guidance on postoperative surveillance and therapeutic decisions.
The migration and invasion inhibitor protein (MIIP), also known as invasion inhibitory protein 45 (IIp45), is a recently characterized putative tumor suppressor gene in glioma (5) . MIIP was initially identified in a yeast two-hybrid screen for proteins that interact with protein insulin-like growth factor binding protein 2 (IGFBP2) (6) . MIIP is located on chromosome 1p36.22 and recent genome analysis has determined that MIIP contains 10 exons that span 12.6 kb genomic DNA. The full-length transcript contains 1,588 bp. The MIIP protein is comprised of 388 amino acids and has a predicted molecular weight of 43 kDa. MIIP is a hydrophilic protein and contains three segments of low compositional complexity domains and an arginine-glycine-aspartate motif (7) . The 1p36 region is deleted in a number of types of cancer, including neuroblastoma, breast cancer, colon and rectum cancer, and prostate cancer, as well as lung cancer (8) (9) (10) (11) (12) . Recently, MIIP has emerged as a key protein in regulating cell migration, cell invasion and the mitosis checkpoint and, thus, may exert a critical role in cancer physiology (6, 13) . However, MIIP expression profiles have, to the best of our knowledge, not been described in NSCLC. The present study aimed to detect MIIP expression using real-time polymerase chain reaction (PCR) and immunohistochemistry (IHC) methods in resected tissue samples and formalin-fixed paraffin sections from patients with NSCLC. Whether MIIP expression correlated with pathological and clinical features Clinical significance of migration and invasion inhibitor protein expression in non-small-cell lung cancer was also evaluated. In addition, the association between MIIP expression and the five-year overall survival rate was analyzed. (14) . TNM patient evaluation was performed according to the criteria indicated in the staging procedures of the International Association for the Study of Lung Cancer (15) . The patients enrolled in the IHC analysis were followed-up for five years to determine survival time, which was defined as the time period between the date of surgery on the primary tumor and when the patient succumbed to disease or the date of the final follow-up. Patient survival times were individually provided by family members by telephone. The clinicopathological data are summarized in Table I .
Materials and methods
Real-time PCR. Total RNA was isolated from the frozen NSCLC and matched normal tissues using the TRIzol RNA kit (Invitrogen, Carlsbad, CA, USA) and quantified using an Eppendorf Biophotometer (Eppendorf, Hamburg, Germany). Reverse transcription was conducted using a PrimeScript™ RT reagent kit with gDNA Eraser (Takara Bio, Inc., Shiga, Japan). Under the thermal conditions recommended by the manufacturer, 2 µg total RNA was transcribed to cDNA in a 20 µl reaction using random hexamers. The following primers were used for quantification of MIIP mRNA expression levels: Forward, 5'-GGT CCA TCC TGG CTC AAC AGA-3' and reverse, 5'-GCA ATC CAG TCA TAG CCC AGG TA-3'. The length of the PCR product was 118 bp. Real-time PCR was performed using Mastercycler ® ep realplex (Eppendorf, Hamburg, Germany) and the SYBR ® Premix Ex Taq ™ kit (Takara Bio., Inc.). GAPDH served as a control with the following primers used: Forward, 5'-GCA CCG TCA AGG CTG AGA AC-3' and reverse, 5'-TGG TGA AGA CGC CAG TGG A-3', with the length of PCR product at 138 bp. PCR was run for 40 cycles with 5 sec per 95˚C denaturation, 30 sec/55˚C annealing and 30 sec/72˚C elongation. To verify the accuracy of the amplification, a melting curve analysis was conducted subsequent to amplification. In addition, the PCR products were verified by electrophoretic analysis on a 3% agarose gel. To determine the relative expression levels of MIIP, the comparative Ct method was used. The Ct value as follows: 0, negative to weak; 1, moderate; and 2, strong. The final staining score was the sum of the intensity and the percentage of positive cells scores. A score of ≤1 was applied as a cut-off point for loss of MIIP expression.
Statistical analysis. The real-time PCR values are presented as mean ± standard error of the mean, and MIIP protein expression was dichotomized as either 'negative' or 'positive', according to the criteria described above. A two-sample t-test for independent samples was used for continuous variables.
The correlation between MIIP expression and clinicopathological characteristics was then analyzed using the χ 2 -test.
One-way analysis of variance was used to compare the means of two or more independent groups. The survival curves for patient with MIIP-positive and -negative tumors were plotted using the Kaplan-Meier method and the log-rank test was used to assess the statistical difference between the groups. Univariate and multivariate analyses were conducted using the Cox proportional-hazards regression model, and the results are expressed as hazard ratios with 95% confidence intervals. Two-tailed P<0.05 was considered to indicate a statistically significant difference. All analyses were performed using SPSS for Windows, version 13.0 (SPSS, Inc., Chicago, IL, USA).
Results
Expression levels of MIIP mRNA in NSCLC and adjacent normal lung samples. The MIIP mRNA expression levels in cancer tissues and matched normal tissues from 37 NSCLC patients were examined using the ∆∆CT method. Melting curve analysis confirmed the specific amplification of the target and reference genes. Furthermore, gel electrophoresis analysis of the amplification products revealed single bands of the expected sizes for MIIP (118 bp) and GAPDH (138 bp) (Fig. 1) . The results demonstrated that MIIP expression was downregulated in the cancer tissues. The average MIIP mRNA expression level in the 37 cancer tissue samples was 0.1867±0.0217.
Correlation between MIIP mRNA expression levels and various clinicopathological parameters. The association between MIIP mRNA expression levels in the cancer tissues and various clinicopathological parameters was further analyzed. The results revealed that the MIIP mRNA expression levels in adenocarcinoma were significantly higher than those in squamous cell carcinoma (P= 0.002). A statistically significant correlation was also observed between MIIP mRNA expression and tumor stage (P= 0.014), with reduced MIIP mRNA expression levels in advanced tumor stage samples, as compared with specimens from tumors at the lower stages ( Fig. 2A) . However, no significant correlations were observed between MIIP expression levels and gender, age or differentiation status (all P>0.05), as shown in Table II .
Correlation between MIIP protein expression and various clinicopathological parameters.
Immunohistochemical staining of MIIP in the cancer tissue sections was conducted.
Immunoreactivity for the MIIP antibody was predominantly identified in the cytoplasm of cancer cells with marginal immunoreactivity in the nucleus (Fig. 3) . Among the 94 tissue samples, MIIP protein expression was positive in 36 (38.3%) and negative in 58 (61.7%) cases. The results revealed that MIIP protein expression was downregulated in cancer tissues, a finding in concordance with the mRNA expression result. The association between MIIP expression in NSCLC tissues and various clinicopathological parameters was also analyzed. Analysis of MIIP expression revealed that expression was significantly associated with pathology and tumor staging Table III . To determine whether the downregulation of MIIP protein expression was correlated with disease progression, the staining degrees within tumor staging groups were compared. The results demonstrated that the positive percentage of MIIP protein expression was significantly reduced in advanced tumor stage samples, as compared with specimens from less advanced tumors ( Fig. 2B ; Table III ).
Survival analysis. The total follow-up time period for the patients who were alive at the time of analysis was five years. A total of 66 (70.2%) of the 94 patients succumbed to disease during the follow-up period. The five-year survival rate within the patient population was 29.8%. With regard to MIIP expression status, the five-year survival rate for patients who were MIIP-positive was 41.7% as compared with 22.4% for patients who were MIIP-negative. According to the Kaplan-Meier survival analysis, the overall survival rate curve demonstrated statistically significant differences between NSCLC patients with and without MIIP expression (P= 0.028; Fig. 4 ). Cox proportional-hazards regression model was employed to perform univariate and multivariate analysis of survival. The results revealed that positive MIIP expression is an independent and significant factor associated with improved five-year survival. The detailed results are shown in Table IV .
Discussion
Cell motility is important for normal tissue development and remodeling as well as for pathological conditions, such as cancer invasion and metastasis (16) . Lung cancer is the leading cause of cancer-related mortality. Approximately 90% of all cancer mortality is the result of metastases, rather than the primary tumor (17) . Thus, further understanding of the underlying pathways and molecular mechanisms of lung cancer metastasis is required to develop novel therapeutic approaches. MIIP has emerged as a key protein in regulating cell migration and invasion (6) . However, the importance of MIIP in NSCLC is unknown. The present study aimed to examine the expression of MIIP in NSCLC with respect to prognosis. The results of real-time PCR and immunohistochemical staining clearly demonstrated that MIIP expression was downregulated in cancer tissues, as compared with matched normal tissues, a finding consistent with the results previously reported in a study analyzing glioblastoma multiforme (6) . In addition, in the present study, MIIP expression levels were significantly correlated with pathology and tumor staging, suggesting a potential role for MIIP protein in the pathogenesis of NSCLC. Furthermore, the prognostic significance of MIIP expression in formalin-fixed paraffin-embedded tissues was examined. Notably, patients with positive MIIP expression had a significantly improved overall survival rate (P=0.028). A significant association was also observed between positive MIIP expression and improved prognosis using univariate and multivariate analyses. These results suggest that MIIP may be a functional genetic marker of NSCLC development and prognosis, and that MIIP may be an attractive therapeutic target in the treatment of lung cancer. The MIIP protein has been previously demonstrated to bind to a product of an oncogene, IGFBP-2, which is commonly upregulated in the advanced stages of cancer, and to inhibit the migration-and invasion-enhancing functions of IGFBP-2 (6). Studies have revealed that MIIP expression levels were reduced in glioblastoma multiforme and that IIp45 expression levels were low in advanced glioma (6, 18) . In the present study, similar results were observed in NSCLC. The data demonstrate that MIIP expression levels were significantly correlated with tumor staging, and reduced MIIP mRNA and protein expression levels were detected in advanced tumor stage samples. The MIIP protein has been previously observed to inhibit glioma cell migration and invasion in vitro and in vivo, and a xenograft model study revealed that tumors formed from MIIP-expressing cells were also less invasive as compared with the controls (6). Another study reported that MIIP mediates histone deacetylase 6 activity, which regulates microtubule dynamics/cytoskeletal structure, increases cell migration and increases acetylated alpha-tubulin (18) . In addition to an antimigration and -invasion function, MIIP has also been shown to be involved in mitosis (13) , as elevated MIIP expression levels inhibited glioma cell colony formation and cell growth in vitro, and MIIP expression in a glial-specific mouse model suppressed glioma development and progression (13) . Epidemiology studies have provided further evidence that MIIP is important in cancer development. Several MIIP single nucleotide polymorphisms (SNPs) were recently evaluated in a molecular epidemiology study involving 1,524 breast cancer patients and 1,592 healthy females, which found that the rs2295283 (K167E) SNP was not only associated with Overall survival breast cancer risk but also with various tumor phenotypes in cancer patients (19) . All these results from recent studies raise the possibility that MIIP is a putative tumor-suppressor gene, critical in cancer physiology.
MIIP expression --------------------------------------------------------------------------------
In conclusion, the present study has revealed that MIIP was downregulated in NSCLC tissues. According to the survival analysis, MIIP expression was an independent prognostic factor associated with improved survival. All data suggest that MIIP is a tumor suppressor gene, with a critical role in NSCLC physiology. Since the present study was a preliminary investigation, the number of patients with NSCLC was relatively small (94 patients). Further experiments are required in order to investigate the exact mechanism of MIIP involvement in lung carcinogenesis. The significant association with survival rate observed in the present study requires confirmation in additional patient cohorts.
